. CpMMV is a virus that can decrease soybean production. The virus vector is an insect where the control is carried out using a chemical insecticide that is less environmentally friendly. Developing a superior variety of soybean that is resistant to CpMMV is one of the solutions to solve such a problem. This research aimed to study the relationship of agronomical traits to the yield of soybean line infected by CpMMV. Ten lines and two varieties of soybean with four replications was used in this study in a randomized complete block design. Bemisia tabaci was used in CpMMV infestation as the vector of the disease. Rearing Bemisia tabaci was done forty days before sowing the main experiment, and it placed surrounding the main experiment plots. The observation variables were disease severity, days to flowering and maturity, plant height, length, width and ratio of the leaf, number of branches and reproductive nodes, number of filled and unfilled pods, number of seeds, 100 seeds weight, and seed yield per plant. The data was analyzed for genotypic and phenotypic correlation, and the path analysis for direct and indirect effects of disease severity, and agronomical characters. The results showed that CpMMV infestation caused disease severity by about 20-28.5%. A significant positive phenotypic correlation to the seed yield per plant was shown by the number of reproductive nodes and the 100 seeds weight. Meanwhile, a significant positive genotypic correlation to the seed yield per plant was shown by the days to maturity and the number of branches. The number of reproductive nodes, the 100 seeds weight, and the number of seeds per plant showed a high direct effect to the seed yield per plant. The high positive indirect effect was also shown by the number of filled pods, days to flowering, plant height, leaf length, leaf width, the number of reproductive nodes, and the number of branches through the number of seeds per plant was also. Therefore, the selection criteria for high yielding CpMMV-resistant soybean lines can be based on the number of reproductive nodes and 100 seeds weight.
INTRODUCTION
The emergence of various pathogens along with the increase in cropping index results in barriers to soybean production. One of the diseases that often attack soybean plants is viruses, including cowpea mild mottle virus (CpMMV). This virus naturally has a host on the species Fabaceae (Laguna et al. 2006) . The host, season and the viral strain influence the symptoms of CpMMV (Menzel et al. 2010; Zanardo et al. 2014) . Apart from the increasing cropping index, this virus often attacks because of the absence of climate barriers such as in the subtropical region. Poor crop rotation also results in viruses remaining in the field (Zanardo 2017) . In soybean, the symptoms of CpMMV are highly variable than other hosts. The symptomless CpMMV infections in some soybean varieties have also been reported by some author (Almeida et al. 2005; Zanardo et al. 2014) . The symptomless infections associated with the nonpersistent whitefly transmission (Zanardo 2017) .
The yield of soybeans attacked by the virus can decrease up to 90%, depending on the age of the plant when infected, viral strains, and environmental conditions. Kuswantoro et al. (2008) reported disease severity variation of CpMMV attacks on 21 soybean germplasm from 16 regencies in East Java ranging from 30.6-71.1% with seed yield decrease reaching 53.9-99.4%. This high yield loss is due to soybean susceptible genotypes undergo flower dropping and poor development of the pods. Severe deformation of the seeds and reduction of the weight of the seed are observed on the infected plants (Rodrigues 2014) . The stem necrosis that found on the plant (Arias et al. 2015) is also able to inhibit the process of nutrients uptake as the raw materials for photosynthesis. In addition, the occurrence of disturbances in the leaves such as mottling in the leaves (Zubaidah and Kuswantoro 2016) can also interfere with the process of photosynthesis.
Grain yield is a complex trait and associates with other traits. This trait expresses many factors and the results of their interaction (El-Mohsen et al. 2013; Silva et al. 2015) . The degree of this interaction can be studied through genetic correlation to identify the beneficial traits in a selection for optimum genetic gains ( Silva et al. 2015) . Correlations between traits allow simultaneous changes in one or more agronomic traits based on a single trait selection (Barbosa et al. 2016 ). In plant breeding, the correlation can be based on phenotypic, genotypic, or environmental nature. Genetic and environmental factors are involved in phenotypic correlation, where the use of this correlation will interfere with the obtaining of the target traits. Genetic correlation involves a relationship of heritable nature that allows heritable selection between the traits. Therefore, the study of genetic correlation is crucial to identifying the traits that can be used as an indirect selection for grain yield (Machado et al. 2017) .
The information of genetic variability and relationship of yield component traits with seed yield are needed in direct selection to avoid misleading in selection by dividing genotypic correlation coefficients into direct and indirect effects (Balla and Ibrahim 2017) . Direct and indirect effects of traits can be distinguished by path analysis to find out the basic or main traits that relate to the desired trait. The misleading is also can be caused by miscorrelation due to unnecessarily cause and effect relationship. The miscorrelations between two traits can be identified by path analysis using the effect of the third trait (Barbosa et al. 2016) . Therefore, path analysis is an important tool to find out a trait that correlates tightly with the seed yield.
MATERIALS AND METHODS

Study sites
This study was conducted at Jambegede Research Station, Malang, East Java, Indonesia at the coordinate of 08°11'02'' 112°33'32,9''.
Plant materials
The plant materials were ten soybean lines (UM4-1, UM7-2, UM2-4, UM7-6, UM6-2, UM6-3, UM3-2, UM6-1, UM7-3, UM3-4) and two soybean varieties (Wilis and Gumitir).
Design and cultural practice
The study was conducted by using randomized complete blocks designs with four times of replications. For each line, there were four rows with 3 m length. To prevent the seedling fly-pests, the seed was applied with 12.5 g carbosulfan per kg seed. This pesticide was employed before planting. The fertilizers of 50 kg.ha -1 Urea, 75 kg.ha -1 SP36, and 75 kg.ha -1 KCl were used to provide nutrient for the plant. Weeding was carried out manually at 3, 6 and 9 weeks after planting.
Pest infestation
CpMMV infestation was applied by using Bemisia tabaci as the vector of CpMMV. Forty days before planting the main experiment, Bemisia tabaci was reared naturally on the field surrounding the main experiment plots. When the seedling emerged, the Bemisia tabaci migrated to this seedling causing natural CpMMV infestation.
Observation
The agronomical traits such as days to flowering and maturity, plant height, length, width and ratio of leaf, number of branches and reproductive nodes, number of filled and unfilled pods, number of seeds, 100 seeds weight, and seed yield per plant, were observed at harvesting, except the days to flowering which was done at the 50% of the plants was flowering. The days to maturity was taken based on the period from the early planting to the days to maturity after 90% flowering. The CpMMV disease severity was done at 35 days after planting. The scoring followed the scoring procedure developed by Zubaidah and Kuswantoro (2006) .
Data analysis
The data was obtained from the correlation and path analysis for the direct and indirect effects of disease severity and the agronomical characters based on Singh and Chaudary (1979) .
RESULTS AND DISCUSSION
Performance of agronomical characters
The disease severity that occurs in the tested genotype ranged from 20.00-28.50%. The highest disease severity was achieved by G10, while the lowest was achieved by G9, G11 (Wilis) and G12 (Gumitir) (Figure 1 ). Wilis as a moderate resistance variety in this study had a disease severity of 20% equivalent to the Gumitir as the susceptible variety which reached 20.7%. The low disease severity on Gumitir may be due to the emergence of a new strain, so that the virus was not able to cause disease severity as on Anjasmoro, the variety which was used for the rearing of the Bemisia tabaci. CpMMV has many strains with a different effect on the plant. Two strains of CpMMV were reported to have different disease severity, namely CpMMV-S and CpMMV-M (Naidu et al. 1998 ). Zanardo et al. (2014) also reported six different strains based on biology and molecular characterization.
Days to flowering varied with the soybean genotypes tested. G9 was the line with the highest plant height followed by G2 and G3 (Figure 2 ). The lines with the earliest days to flowering were G1, G12, G10, and G1. Days to flowering in soybeans did not change by the existence of CpMMV . However, the days to flowering of Wilis and Gumitir in this study was 37 days (Figure 2 ) different from the description of the varieties where the flowering age of Wilis and Gumitir were 39 and 32 days, respectively (Iletri 2017) . The pattern of days to maturity of plants was similar to the days to flowering, where plants with late flowering also have a late maturity ( Figure 2 ). In this study G11 and G12 which are varieties that have days to maturity 85-90 and 81 days (Iletri 2017 ) became 85 and 86 days. Days to maturity is strongly influenced by the environment where in good environmental conditions with water, soybeans tend to have a long life. In soybeans attacked by pests, the symptoms of green stem syndrome usually occur where soybean stems remain green (Hobbs et al. 2006) .
The highest plant height was achieved by G4, while the lowest is achieved by G7 (Figure 3 ). Wilis (G11) and Gumitir (G12) also included as the lowest plant. The plant
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1498 height in this study was relatively normal even though the plant experienced a CpMMV attack. Infection to CpMMVsusceptible genotypes can result in stunting plants (Arias et al. 2015; Zubaidah and Kuswantoro 2017) . In this study, the disease severity reached an average of 23%, where this was not a severe attack that can result in stunting plants.
The leaf length of the genotype tested was significantly different, where G2 is the genotype that has the longest leaf length (13 cm), while G1 is the genotype that has the shortest leaf length (12 cm) (Figure 4 ). This is not similar to the width of the leaf, where there was not significantly different among the genotypes. Both of these leaf characters contribute to leaf ratios. Leaf ratios that close to 1 indicate that the leaves shape are round. In this study, there were no round leaves. Based on the Chen and Nelson (2004) classification of soybeans tested had an oval shape, i.e., the ratio of length/width was less than 2. The pattern of the number of branches of the genotype tested is similar to the number of reproductive nodes, where G7 showed the lowest number of branches and reproductive nodes ( Figure 5 ). The number of branches per plant is influenced by plant density, where the branch variability correlates with plant spacing (Agudamu et al. 2016) . At low plant densities, branches can develop optimally, while at high densities the branches do not develop. In this study, plants were planted on the spacing of 40 cm x 15 cm so that branches could develop optimally. Reproductive nodes of plants are located on the main stem and branches of plants. Increasing branches of plants led to an increase in the number of reproductive nodes. The lower planting density allows branch seed yield to be larger than the main stem seed yield (Agudamu et al. 2016) . The variability in the main stem and branch seed yields can be used as a criterion to find out a genotype for narrow or wide rows (Norsworthy and Shipe 2005) .
The highest number of pods is shown by G5, G3, and G4, while G1 showed the lowest number of filled pods. The pattern of the number of filled pods is similar to the number of unfilled pods, where genotypes with a large number of filled pods also had a large number of unfilled pods. This indicates that soybeans with large numbers of filled pods also have the opportunity for more unfilled pods. However, there was one genotype (G7) which had many unfilled pods but the pod's size are relatively small ( Figure 6 ). The number of unfilled pods on the G7 may be affected by the CpMMV infection. The small pod is produced when susceptible varieties are infected at begining of growth (Sinclair 1993) . Sutrisno and Kuswantoro (2016) reported that moderate resistance variety had more pods number than the resistance variety.
The number of seeds per plant is an important component because it determines the yield of seeds per plant. The highest number of seeds was reached by G2 and G5, namely 134 and 133 seeds, while the lowest was reached by G1 and G7 which reached 68 and 74.1 seeds. Disease in plant increase a flower abortion (Hartman et al. 2015) , consequently, decreasing seed number. The size of seeds measured by the weight of 100 seeds indicates that G11 and G12 have the highest weight of 100 seeds. Most genotypes that have a large number of seeds have low seed size. The infected plant also experiences seed deformation (Hartman et al. 2015) and seeds weight reduction (Rodrigues 2014) . In this study, we got a genotype that has the lowest number of seeds also has the lowest weight of 100 seeds like G7 (Figure 7) . The seed yield is a combination of various yield components, especially the number of seeds and the size of seeds. Seed yields per plant differ significantly between genotypes. The yield of seeds per plant has a pattern similar to the size of seeds rather than the number of pods and the number of seeds per plant. However, the G1 genotype which had a relatively large seed size from the tested genotype, had the lowest seed yield because it had the lowest number of seeds per plant (Figure 8) . also reported similar results in testing CpMMV-resistant soybean lines in two different fields.
Correlation among agronomical characters
The agronomical character presented in Table 1 had a significant positive genotypic correlation between days to maturity and leaf length. In the phenotypic correlation, such characters also had a significant and high correlation. The positive value showed that the days to maturity had an in line correlation to the leaf length. This case means that the increase of the days to maturity was followed by the increase of the leaf length. Meanwhile, the leaf ratio and the 100 seeds weight had a significant and low genotypic correlation. This case means that the increase in leaf ratio was followed by an increase of 100 seeds weight. It was in line with Gardner et al. (1991) stating that the larger the leaf of the plant, the leaf will get much more sunlight. The product of leaf photosynthesis was in the form of photosynthate, and it was used for the growth of a generative organ, for examples the process of bloom and seed forming.
The days to flowering and days to maturity had a positive and low phenotypic correlation. This case means the increase of days to flowering was followed by an increase of days to maturity. This case was also in line with Arshad et al. (2006) and Alakhder et al. (2015) stating that the days to flowering had a positive correlation to the days to maturity. The process of the flower forming until the mature seed correlated with other reproductive traits, since they were the parts of generative growth (Fehr and Caviness 1977) . Based on that case, the days to maturity of soybean was influenced by the days to flowering ( Table 1) .
The highest negative genotypic correlation was shown by the 100 seeds weight and the disease severity. This case means that the increase of 100 seeds weight was followed by a decrease in disease severity. It was also in line with the previous studies that the soybean plant infected by CpMMV underwent the decline of vegetative and generative growth (Sutrisno and Kuswantoro 2016; Zubaidah and Kuswantoro 2017) . If the process of flowering is destructed, the process of pod forming and seed ripening will be destructed as well so that it influences the soybean seed yield (Table 1) . 0.003 rp 0.002 Note: X1= flowering period, X2 = days to maturity, X3= plant height, X4= leaf length, X5 = leaf width, X6 = leaf ratio, X7= number of reproductive nodes, X8 = number of branches, X9 = number of filled pods, X10= number of unfilled pods, X11 = 100 seeds weight, X12 = disease severity, X13 = number of seeds per plant, X14 = seed yield per plant, rg= genotypic correlation, rp = phenotypic correlation, * = significance at 0.05, ** = significance at 0.01
The number of reproductive nodes had a positive phenotypic correlation to the seed yield per plant, and 100 seeds weight had a significant positive phenotypic correlation to the seed yield per plant. The character of days to maturity had a significant and positive genotypic correlation to the seed yield per plant. The number of branches had a significant positive genotypic correlation to the seed yield per plant. The positive value shown by those characters had an in line correlation to the seed yield. It means that the increase in the number of reproductive nodes, the 100 seeds weight, the days to maturity, and the number of branches was followed by the increase in the seed yield per plant. This results were also in line with the research conducted by Kobraee and Shamsi (2011), Alakhder et al. (2015) , Islam and Rai (2013) and ElMohsen et al. (2013) showing that the number of reproductive nodes, 100 seeds weight, the days to maturity, and the number of branches had a significant and positive correlation the seed yield per plant (Table 1) .
Direct effect
The result of path analysis showed that the main characters that gave significant positive direct effect to the seed yield per plant were the number of reproductive nodes, the 100 seeds weight and the number of seeds per plant. The path coefficient (P) of each character were 0.256, 0.323 and 0.896, respectively. The three characters had a direct and high correlation ( Table 2) . Selection of the seed yield per plant can be based on these three characters. These analysis results were in line with the results of Ramírez and Gustavo (2012) and Silva et al. (2015) . Based on the path analysis, the number of reproductive nodes, the 100 seeds weight had a significant direct effect on the seed yield per plant. Yucel (2003) reported that the character having the highest direct effect to the seed yield was the number of seeds per plant.
The characters of the days to flowering, days to maturity, plant height, leaf length, leaf width, leaf ratio, and the number of unfilled pods showed a negative direct effect to the seed yield per plant ( Table 2 ). The path coefficient of those characters were -0.245, -0.023, -0.134, -0.113, -0.108 and -0.017 , respectively. The low positive direct effects to the seed yield per plant were the disease severity, the number of filled pods, the number of branches and the leaf length. The values of path coefficient of those characters were 0.012, 0.025, 0.060 and 0.162, respectively. Those characters as the selection criteria can be regarded unimportant since they were less useful to the seed yield per plant. The study of Islam and Rai (2013) , Mahbub et al. (2015) , and Harriman (2016) also showed the days to flowering, the days to maturity, the plant height, the number of branches, the number of unfilled pods showed low negative direct effect to the seed yield per plant. X2  X3  X4  X5  X6  X7  X8  X9  X10  X11  X12  X13 
Indirect effect
The direct effect of agronomical character to the seed yield is related to the role of the other agronomical characters having the indirect effect on the seed yield. The indirect effect of the number of filled pods through the number of seeds per plant showed high positive value (Table 2) . It means that the number of seeds per plant had a significant role in increasing the seed yield per plant. These research results were in line with the research results of Mahbub et al. (2015) showed that the number of filled pods through the number of seeds per plant gave the significant indirect effect to the seed yield per plant. The similar results also reported by Silva et al. (2015) that number of pods per plant through the number of seeds per plant showed high indirect effetc. It was in accordance with the high and positive value of the correlation coefficient of the number of filled pods to the number of seeds per plant (Table 1) .
The indirect effect of the days to flowering, plant height, leaf length, leaf width, the number of reproductive nodes, the number of branches, and number of filled pods through the number of seeds per plant had the high positive value as well (Table 2) . Akram et al. (2016) also reported the high indirect effect of number of branches and number of pods per plant through the number of seeds per plant. However, El-Badawy and Mehasen (2012) reported that plant height, number of branches, and number of pods per plant through the number of seeds per plant showed low indirect effect. Varnica et al. (2018) reported different results that plant height and day to flowering showed low indirect effect through number of seed per plant, while the number of pods per plant showed high indirect effect through number of seed per plant. Of those seven characters, two characters, i.e. number of reproductive nodes and number of branches, had a significant phenotypic and genotypic correlation to the seed yield respectively (Table 1) . Machado et al. (2017) also reported that number of branches had significant genotypic and phenotypic correlation to seed yield. These two characters had a important role in the increase of seed yield per plant. Besides, the environment factor also influenced the seed yield. The indirect effect through the other characters did not show a significant value since it was small or negative. The number of reproductive nodes had significant correlation and high direct effect on the seed yield per plant. These characters can be the selection criteria to get the high production of soybean which is resistant to CpMMV (Table 2 ).
In conclusion, the number of reproductive nodes and the 100 seeds weight had a significant positive phenotypic correlation to the seed yield per plant. The days to maturity and the number of branches had a significant and positive genotypic correlation to the seed yield per plant. The number of reproductive nodes, the 100 seeds weight, and the number of seeds per plant had a high direct effect on the seed yield per plant. The indirect effect of the number of filled pods, days to flowering, plant height, leaf length, leaf width, the number of reproductive nodes, and the number of branches through the number of seeds per plant was also highly positive. Hence, number reproductive nodes and 100 seeds weight can be select as selection criteria for high yielding CpMMV resistant soybean lines.
